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Very early in the history of quark-gluon plasma studies it was realized that quark- 
antiquark annihilation into lepton pairs could provide information on the highest temper- 
atures achieved ^ n exam pl e °f this would be chiral symmetry in the hot plasma 
0. Soon after, the thermal rates were used JFj in conjunction with the Bjorken model 
|| for the dynamical evolution of the hot matter produced in heavy ion collisions, and 
by now this has become an industry. In this brief note we shall examine the effect of the 
order a s correction to the thermal rate in the high invariant mass limit. 

In the rest frame of the thermal system the rate of production of lepton pairs is given 
by the formula P-jl3l 



Here k = p + + p_ is the momentum of the virtual photon expressed as the sum of the 
positive and negative lepton momenta, E = k°, and k 2 = M 2 . The imaginary part of 
the retarded photon self-energy is labeled ImlP^. In the limit of interest here, namely 
M ^> T ^> |k|, the photon self-energy does not distinquish between longitudinal and 
transverse polarizations, and may be written as 

wu ={-gr-9" u )^- (2) 

When the lepton mass is small in comparison to M the rate then simplifies to 

p p dR 2 e 2 ImII 

+ ~ d? P+ d?p_ (2vr) 6 M 2 e M ' T - 1 ' K ' 

This expression is valid to lowest order in a and to all orders in the strong interactions. 

The lowest order contribution to ImII arises from the one loop self-energy with a light 
quark circulating in the loop. The vacuum piece is 

e 2 

Imn^oop = ——^-M 2 (4) 

47T 

where e q is the electric charge of the quark. The finite temperature piece is suppressed 
by e~ M / 2T 1 and may be dropped. For three light flavors the resulting rate is 

E + E — = ^ c ~ m/t (5) 
d 3 p + d 3 p^ 127T 5 

This is the same as one gets by using kinetic theory to calculate the thermal rate for the 
reaction q + q — > l + + l~ , of course. 

An order a s correction arises from the two-loop photon self-energy diagrams displayed 
in Fig. [I]. Using the techniques developed in [|14]] to open up the loops of these diagrams 
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corresponds to a number of processes. Some of these processes just modify the vacuum 
self-energy, such as an interference term between the tree vertex for qq^ and a one-loop 
modified vertex. Such processes simply modify the rate given above by multiplying by 
a factor 1 + order(a s ) and are not given here. Other processes explicitly involve finite 
temperature many-body effects. Among them are reactions like q + g^q + l + + l~ and 
q + q — > g + l + + l~ . Also among them are some that involve interference between the tree 
level reaction, q + q — ► l + + 1~ together with a spectator quark or gluon, and a three-body 
initial state involving q + q + g or q + q + q or q + q + q. These are displayed explicitly in 
Fig. |^. All such finite temperature contributions were computed by us in the process of 



determining the shift in mass and width of the Z boson in quark-gluon plasma |L5| . Those 



results may be taken over directly by setting the quark axial vector coupling constant qa 
to zero and the quark vector coupling constant gy to the electromagnetic one e q 

10 2rr2 , ( M 



Imllo-iooD = OL s e n T In — ) . (6) 

p 9 q U.05a fl 77 

The proportionality to T 2 is natural given that the only other relevant scale is M. It can- 
not be stressed enough how important it is to include the interference diagrams involving 
a spectator quark or gluon from the plasma. Without them the thermal rate would be 
infrared power divergent. 

The relative contribution of the two-loop finite temperature contribution is just the 
ratio of the imaginary parts of II 

MI 2 _ loop = 40, F ,_M_} 
Imlli-ioop 9 M 2 U.05a s 77 

Since the correction arises from thermal quarks and gluons, the strong coupling should 
be evaluated at the thermal scale. The one-loop beta function gives rise to the running 
coupling (with three light flavors) 

" s(T) = 271n(T/50MeV) " (8) 

The argument of the logarithm is chosen such that a s takes the values 0.5 and 0.25 at 
temperatures of 200 and 1000 MeV, respectively. The former temperature is comparable 
to or slightly above the minimum temperature to form quark-gluon plasma. The highest 
temperature expected at the RHIC is about 500 MeV, while the highest expected at the 
LHC is about 1 GeV. The two-loop contribution is subordinate to the one-loop result 
when M exceeds T by 2 or 3 times, so generally this means that M must exceed 2 or 
3 GeV for higher order terms to be negligible. Remember that the result obtained here 
assumes that M > T so that it cannot be extrapolated to small M. 

As long as the pair momentum k is small compared to M the above calculation 
should apply. Extension to larger values of the momentum may easily by done using 
the techniques developed in |TJj]. That may be of practical importance for a reliable 
description of the background to J/ ip production, absorption, and screening in the plasma. 
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Figures 




Figure 1: Two-loop contributions to the photon self-energy due to QCD interactions. 




Figure 2: Opening up the two-loop diagrams of Fig. [l| leads to various reactions, including 
the interference contributions shown here. The produced dilepton pair has been added 
and shown with large dotted lines. The quark line that originates from a loop within a 
single amplitude has been drawn with dashed lines. 
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